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Hammett correlationsAbstract One-pot synthesis of some 1N-acetyl pyrazoles including 1-(3-(3,4-dimethylphenyl)-
5-(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-yl) ethanones has been achieved via solvent-free
microwave irradiation using substituted chalcones, hydrazine hydrate and acetic anhydride in the
presence of catalytic amount of ﬂy-ash: PTS catalyst. The yield of these 1N-acetyl pyrazole deriva-
tives is more than 75%. The synthesized 1N-acetyl pyrazoline derivatives were characterized by their
physical constants and spectral data. The infrared spectral mC‚N and C‚O (cm1) frequencies,
NMR chemical shifts (d, ppm) of Ha, Hb, Hc, CH3 protons, C‚N, C‚O and CH3 carbons of
1-(3-(3,4-dimethylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-yl) ethanones have
been assigned and correlated with Hammett substituent constants and Swain-Lupton’s parameters
using single and multi-regression analysis. From the results of statistical analyses, the effect of
substituents on the above group frequencies and chemical shifts of the acetylated pyrazoles were
discussed.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The 1N-acetyl pyrazoline is one of the derivatives of 4, 5-dihy-
dro-1H-pyrazoles. These 1N-acetyl pyrazoline derivatives are
important starting material for the synthesis of some other
pyrazoline based heterocycles such as cyanopyridine [11], indox-
acarb [25], carbohydrazide hydrazine [24], and pyrimidines [9].
Numerous solvent-free or solvent assisted acetylation methods
662 G. Thirunarayanan, K.G. Sekarhave been reported in the literature for the synthesis ofN-acety-
lated pyrazoline derivatives [7,18,5,8]. Glacial acetic acid and
acetic anhydrides were employed in solvent assisted conven-
tional heating [1], microwave and ultrasound wave irradiation
were employed for the solvent-free synthesis of acetylated pyraz-
olines [7,18]. Osman and co-workers [11] have prepared 75%
yield of 4,7-dimethoxy-5-(5-aryl-N-acetylpyrazolin-3-yl)benzo-
furan-6-ols by reﬂuxing of Khellinone chalcones, hydrazine
hydrate and glacial acetic acid. The 5-(p-tolyl)-4,5-dihydro-
1-acetyl-pyrazol-3-yl]-phenyl}-3H-quinazolin-4-ones were syn-
thesized using thermal heating method of corresponding
chalcones with hydrazine hydrate and acetic acid in ethanol by
Mosaad et al. [10]. More than 84% yield of some series of new
N1-cinnamoyl-3, 5-diaryl-2-pyrazolines have been synthesized
using microwave irradiation as well as in thermal heating meth-
ods by Srivastava et al. [18]. Shah et al. have synthesized 75%
yield and studied the IR and 1HNMRspectra of somenew series
of 4-(4-hydroxyphenyl)-3-chloro-1- {4-[5-(substituted phenyl)-
1-acetyl-4,5-dihydro-pyrazol-3-yl]phenyl} azetidin-2-one. They
synthesized these pyrazoline derivatives by reacting 3-chloro-
1-{4-[5-(substitutedphenyl)-4,5-dihydro-pyrazol-3-yl]phenyl}-
4-(4-hydroxyphenyl) azetidin-2-one with acetic acid [15]. The
1N-acetyl-3-(2-naphthyl)-5-aryl pyrazoline derivatives were
synthesized and characterized with FTIR, NMR and HRMS
data by Ethiraj et al. [3]. Several 1N-acetyl pyrazoline deriva-
tives, such as 1N-acetyl-3,5-diphenyl pyrazolines [16] 1-acetyl-
4-[5-(3-chloro-4-ﬂuorophenyl)-2-furyl]-3-substituted phenyl-4,
5-dihydro-1H-pyrazoles [12], 2,4-bis-(tetrahydro-1,4-oxazine)-
6-[4’’-{100-acetyl-500-(400 0-methoxyphenyl)- 200-pyrazoline-300-yl}
phenylamino]-s-triazine [17], ﬂuorine containing arylfuryl N-
acetylpyrazolines [5] and 4,6-dimethoxy-5-(1-acetyl-5-aryl-2-
pyrazolin-3-yl)benzo[b]furans [4] have been synthesized by
synthetic organic chemists using conventional heating method
and characterized with their spectral data. These 1N-acetyl pyr-
azoline derivatives possess important biological activities such
as antibacterial [18,5,15,12], endogenous proteolysis [16], cyto-
toxicity [3], EGFR kinase [8] and anti-inﬂammatory activities
[10]. Spectroscopic data are useful for studying the ground state
equilibration of organic compounds. The ultraviolet spectral
absorption maxima (kmax, nm) are also applied for predicting
the effect of substituents [14]. In pyrazoline molecules
(1H pyrazoles), the infrared spectra are used for predicting the
effects of substituents on the vibrations of mC‚N, CAH and
NAH [13]. From NMR spectroscopy, the spatial arrangements
of the protons Ha, Hb andHc or Ha, Hb, Hc andHd types shown
in Fig. 1 were predicted by their frequencies with multiplicities
viz., doublet or triplet or doublet of doublet. Based on the geom-
etry, the chemical shift (d, ppm) of the protons of respective
pyrazoline has been assigned and the effects of the substituents
have been studied. The effect of substituents on 2-naphthyl
based pyrazoline ring protons was ﬁrst studied by Sakthinathan
et al. [13]. In their study, they assigned infrared mC‚N (cm1),N N
R Rr'
Ha Hb
Hd
HcN N
R R'
Ha Hb
R
Hc
Figure 1 General structure of 1H-pyrazoles.NMR chemical shifts (d, ppm) of Ha, Hb, Hc, C‚N values and
correlated with Hammett substituent constants, F and R
parameters. In these correlations they observed satisfactory r
values. Thirunarayanan et al. [21] have studied the solvent-free
synthesis, spectral correlations of some 1-phenyl-3-(5-bromo-
thiophen-2-yl)-5-(substituted phenyl)-2-pyrazolines. Recently
Thirunarayanan and Sekar have studied the microwave assisted
synthesis and spectral correlation of some substituted 1-thio-
carbomyl pyrazolines including 3-(3,4-dichlorophenyl)-5-
(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-carbothioamides
[22]. The literature survey reveals that there is no information
available for solvent-free synthesis of some 1N-acetyl pyrazolines
including 3-(3,4-dimethylphenyl)-5-(substitutedphenyl)-4,5-dihy-
dro-1H-pyrazole) derivatives by one-pot cyclization and acetyla-
tion of the respective chalcones with acetic anhydride in the
presence of solid ﬂy-ash: PTS catalyst. Therefore the authors have
taken efforts to synthesis some 1N-acetyl pyrazolines including 3-
(3,4-dimethylphenyl)-5-(substitutedphenyl)-4,5-dihydro-1H-pyrazole)
derivatives by solvent-free microwave assisted cyclization of
chalcones with hydrazine hydrate and acetylated with acetic
anhydride in the presence of catalytic quantity of ﬂy-ash:PTS.
The purities of these pyrazolines were persuaded by their phys-
ical constants and spectral data published earlier in the litera-
ture. The authors have also recorded the infrared and NMR
spectra of these synthesized N-acetyl pyrazoline derivatives for
studying the Hammett spectral correlations.2. Experimental
2.1. Materials and methods
All chemicals were procured from Sigma–Aldrich and E-
Merck. Melting points of all pyrazoles have been determined
in open glass capillaries on Mettler FP51 melting point appa-
ratus and are uncorrected. Infrared spectra (KBr, 4000–
400 cm1) have been recorded on BRUKER (Thermo Nicolet)
Fourier transform spectrophotometer. The NMR spectra of all
pyrazolines have been recorded on Bruker AV400 spectrome-
ter operating at 400 MHz for recording 1H and 100 MHz for
13C spectra in CDCl3 solvent using TMS as internal standard.
Mass spectra have been recorded on SHIMADZU spectrome-
ter using chemical ionization technique.
2.2. Preparation of ﬂy-ash:PTS catalyst
The ﬂy-ash:PTS catalyst was prepared by literature meth-
od[19]. In a 50 mL Borosil beaker, 1 g of ﬂy-ash and 0.8 mL
(0.5 mol) of p-toluenesulphonic acid have been taken and
mixed thoroughly with glass rod. This mixture has been heated
on a hot air oven at 85 C for 1 h, cooled to room temperature,
stored in a borosil bottle and tightly capped. The product has
been characterized by infrared spectra and SEM analysis.2.3. Synthesis of N-acetyl substituted pyrazole derivatives
An appropriate equi-molar quantities of chalcones (2 mmol),
hydrazine hydrate (2 mmol), acetic anhydride (1 mmol) and
ﬂy-ash:PTS (0.5 g) were taken in a 50 mL borosil beaker and
closed with lid. The mixture has been subjected to microwave
irradiation for 4–6 min in a microwave oven at 550 W,
Figure 2 The effect of catalyst loading.
Figure 3 The resonance–conjugative structure.
Solvent-free one-pot cyclization and acetylation of chalcones 6632540 MHz frequency (Scheme 1) (Samsung Grill, GW73BD
Microwave oven, 230 V A/c, 50 Hz, 2450 Hz, 100–750 W
(IEC-705), and then cooled to room temperature. After sepa-
rating the organic layer with dichloromethane, the solid prod-
uct has been obtained on evaporation. The solid, on
recrystallization ethanol afforded glittering product. The insol-
uble catalyst has been recycled by washing with ethyl acetate
(8 mL) followed by drying in an oven at 100 C for 1 h and
reused for further reactions.
3. Results and discussion
Attempts have been made for the synthesis of 1N-acetyl substi-
tuted pyrazoline derivatives by solvent-free one-pot cyclization
and acetylation of chalcones possessing electron withdrawing
as well as electron donating groups as substituents, hydrazine
hydrate and acetic anhydride in the presence of acidic catalyst
ﬂy-ash:PTS under microwave irradiation. Hence the authors
have synthesized the 1N-acetyl substituted pyrazolineR NH2.H2OH2N
O
R'
H
H
(CH3
Scheme 1 Synthesis of 1-acetyl pyrazoline derivatives synthesized by
with hydrazine hydrate and acetic anhydride in the presence of ﬂy-ashderivatives by the one-pot cyclization and acetylation of
2 mmol of chalcone, 2 mmol of hydrazine hydrate and 1 mmol
of acetic anhydride under microwave irradiation with 0.4 g of
ﬂy-ash:PTS catalyst at 550 W, 4–6 min (Samsung Grill,
GW73BD Microwave oven, 230 V A/c, 50 Hz, 2450 Hz,
100–750 W (IEC-705), (Scheme 1). During the course of this
reaction ﬂy-ash:PTS catalyzes one-pot cyclization and acetyla-
tion of chalcones with hydrazine hydrate and acetic anhydride
by elimination of water and proton transfer to give the
1N-acetyl pyrazolines. The yield of the 1N-acetyl pyrazolines
in this reaction is more than 85%. The yield of the 1N-acetyl
pyrazolines in this reaction is up to 91%. The proposed general
mechanism of this reaction is shown in (Scheme 2). The chal-
cone containing electron donating substituent (OCH3) gave
higher yield than electron-withdrawing (halogens, NO2) sub-
stituents. Further we have investigated this cyclization reaction
with equimolar quantities of the styryl 3,4-dimethylphenyl
ketone (entry 14), hydrazine hydrate and 1 mmol of acetic
anhydride under the above same condition. In this reaction
the obtained yield was 90%. The effect of catalyst on this reac-
tion was studied by varying the catalyst quantity from 0.1 g to
1 g. As the catalyst quantity increased from 0.1 g to 1 g, the
percentage of yield increased from 85% to 90%. Further in-
crease the catalyst amount beyond 0.4 g, there is no signiﬁcant
increasing in the percentage of the product. The effect of cat-
alyst loading is shown in (Fig. 2). The optimum quantity of
catalyst loading was found to be 0.4 g. The results, analytical
and mass spectral data are summarized in Table 1. The reus-
ability of this catalyst was studied for the one-pot cyclization
and acetylation of styryl 3,4-dimethylphenyl ketone, hydrazine
hydrate and acetic anhydride (entry 14) is presented in Table 2.
From Table 2, ﬁrst two runs gave 90% product. The third,
fourth and ﬁfth runs of reactions gave the yields 89.5%,
89.5% and 89% of 1-acetyl pyrazolines. There was no appre-
ciable loss in its effect of catalytic activity was observed up
to ﬁfth run. The effect of solvents on the yield was also studied
with methanol, ethanol, dichloromethane and tetrahydrofuran
from each component of the catalyst (entry 14). Similarly the
effect of microwave irradiation was studied on the each com-
ponent of the catalysts. The effect of solvents on the yield of
1N-acetyl pyrazolines is presented in Table 3. From the table
the highest yield of 1N-acetyl pyrazolines was obtained from
the one-pot cyclization and acetylation of chalcone, hydrazine
hydrate and acetic anhydride with the catalyst ﬂy-ash:PTS
under microwave irradiation.
3.1. Spectral correlations
In the present study, the spectral correlation of 1-(3-(3,4-
dimethylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyra-
zole-1-yl) ethanones has been investigated by assessment ofN
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Scheme 2 The proposed general mechanism for the synthesis of 1-acetyl pyrazoline derivatives by solvent-free one-pot cyclization and
acetylation of aryl chalcones with hydrazine hydrate and acetic anhydride in the presence of ﬂy-ash:PTS catalyst.
664 G. Thirunarayanan, K.G. Sekarthe substituent effects [13,21,19,23,2,6] on the absorption
group frequencies. The infrared carbonyl stretching frequen-
cies mCO, CN (cm1) and NMR chemical shifts d(ppm) of
Ha, Hb, Hc, CH3 protons, C‚N, C‚O and CH3 carbons were
assigned and correlated with Hammett substituent constants,
F and R parameters.
3.1.1. IR spectral study
The mC‚N and CO stretching frequencies (cm1) of 1-(3-(3,4-
dimethylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyra-
zole-1-yl) ethanones of the present study are presented in
Table 2. These data have been correlated with Hammett
substituent constants and Swain–Lupton’s constants [20].
The results of statistical analyses were shown in Table 5. In this
correlation the structure parameter Hammett equation
employed is as shown in the following Eq. (1).
m ¼ qrþ m0 ð1Þ
where m is the carbonyl frequencies of substituted system and
m0 is the corresponding quantity of unsubstitued system, r is
a Hammett substituent constant, which is characteristics of
the substituent and q is a reaction constant which depends
upon the nature of the reaction.
The mC‚N stretching frequencies (cm1) with Hammett r,
r+, rI constants, F and R parameters have shown satisfactorycorrelation excluding 4-F, 4-NO2, substituents. If these substit-
uents were included in the correlations, they reduced the corre-
lations considerably. All correlations gave positive q value.
This means that the normal substituent effects operate in all
systems. The Hammett rR constant was failed in the correla-
tion. This is due to the weak resonance effect of the substitu-
ents, and it is unable to transmit their effects on the
stretching frequencies. This is associated with the resonance
– conjugative structure as shown in Fig. 3.
The mC‚O stretching frequencies (cm1) with Hammett
Substituent constants, F and R and parameters produce
individually satisfactory correlations excluding 4-F, 3-CH3,
3-NO2 and 4-NO2 substituents. All correlations gave positive
q value. This means that the normal substituent effects operate
in all systems.
In view of the inability of some of the Hammett r constants
it was thought worthwhile to seek multiple correlations involv-
ing either rI and rR constants or Swain-Lupton’s [20]F and R
parameters. The correlation equations for CN and CO are
given in Eqs. (2)–(5).
mC ¼Nðcm1Þ ¼ 1585:26ð1:583Þ þ 6:899ð3:331ÞrI
þ 9:694ð3:326ÞrR
ð2Þ
ðR ¼ 0:976; n ¼ 10;P > 95%Þ
Table 1 The Analytical, physical constants and mass fragments (m/z) data of 1-acetyl pyrazoline derivatives synthesized by solvent-
free one-pot cyclization and acetylation of aryl chalcones with hydrazine hydrate and acetic anhydride in the presence of ﬂy-ash:PTS
for the following reaction.
R NH2.H2OH2N
O
R'
H
H
N
N
R
R'
Ha
Hb
Hc
H3C O
Fly-ash:PTS
MW, 550W
(CH3CO)2O
Entry R R0 M.W. t(m) Yield(%) m.p. (C) Mass (m/z)
1 264 4 77 123–124 (120–122)a 264[M+]
2
Cl
298 5.5 79 111–112 (108–110)a 298[M+], 300[M2+]
3
H3CO
294 4 84 107–108 (107–108)a 294[M+]
4
 
H3C
278 5 83 109–110 (107–108)a 278[M+]
5
O2N
309 6 79 163–164 (164–165)a 309[M+]
6
O
F
Cl
382 6 80 167–168 (167)b 382[M+], 384[M2+], 386[M4+]
7
Cl
O
F
Cl
418 6 85 177–178 177b 418[M+], 420[M2+], 422[M4+]
8
H3C
O
F
Cl
398 6 88 172–173 175b 398[M+], 400[M2+], 402[M4+]
9
F
O
F
Cl
402 6 86 173–174 172b 402[M+], 404[M2+], 406[M4+]
(continued on next page)
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Table 1 (Continued)
Entry R R0 M.W. t(m) Yield(%) m.p. (C) Mass (m/z)
10
NH2
O
F
Cl
398 6 86 163–134 163b 398[M+], 400[M2+], 402[M4+]
11
Cl
F
Cl
O
O2N
360 6 87 180–181 (178–180)c 360[M+], 362[M2+], 364[M4+]
12
OH
280 4 85 136–137 (136)d 280[M+]
13
OCH3
H3CO
404 4 89 154–155 (152–155)e 404[M+]
14
H3C
H3C
292 4 90 126–117 292[M+],
15
 
H3C
H3C
Br
372 5.5 85 123–124 372[M+], 374[M2+]
16
H3C
H3C
Cl
326 5 85 1109–110 326[M+], 328[M2+]
17
H3C
H3C
Cl
326 5 86 133–131 326[M+], 328[M2+]
18
 
H3C
H3C
F
310 5.5 87 1114–115 310[M+], 322[M2+]
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Table 1 (Continued)
Entry R R0 M.W. t(m) Yield(%) m.p. (C) Mass (m/z)
19
H3C
H3C
H3CO
322 4 91 117–118 322[M+]
20
 
H3C
H3C H3C
306 4 90 127–128 306[M+]
21
H3C
H3C
H3C
306 4 89 113–114 306[M+]
22
H3C
H3C O2N
337 6 85 132–133 337[M+]
23
H3C
H3C
O2N
337 6 85 141–142 337[M+]
24
H3C
H3C  H3CO
H3CO
352 4.5 89 123–124 352[M+]
(a = [16]; b = [12]; c = [5]; d = [18]; e = [3]).
Solvent-free one-pot cyclization and acetylation of chalcones 667mC ¼Nðcm1Þ ¼ 1585:47ð1:537Þ þ 7:145ð3:117ÞF
þ 9:334ð3:539ÞR ð3Þ
ðR ¼ 0:979; n ¼ 10;P > 95%Þ
mC ¼Oðcm1Þ ¼ 1644:60ð1:708Þ þ 5:655ð3:595ÞrI
þ 10:403ð4:741ÞrR
ð4Þ
ðR ¼ 0:972; n ¼ 10;P > 95%Þ
mC ¼Oðcm1Þ ¼ 1644:84ð1:157Þ þ 6:067ð2:237ÞF
þ 10:200ð3:674ÞR ð5ÞðR ¼ 0:977; n ¼ 10;P > 95%Þ3.1.2. 1H NMR spectral study
The proton NMR spectra of synthesized 1-(3-(3,4-dimethyl-
phenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-yl)
ethanones have been recorded in deuteriochloroform solution
employing tetramethylsilane (TMS) as internal standard. The
signals of the pyrazoline ring protons have been assigned. They
have been calculated as AB or AA0 systems respectively. The
chemical shifts (ppm) of Ha are at higher ﬁelds than those of
Hb and Hc in this series of
1N-acetyl pyrazolines. This is due to
the deshielding of Hb and Hc which are in different chemical as
Table 2 Reusability of ﬂy-ash:PTS catalyst on one-pot
cyclization and acetylation of styryl 3,4-dimethylphenyl ketone
(2 mmol) with hydrazine hydrate (2 mmol) and acetic anhy-
dride(1 mmol) under microwave irradiation(entry 14).
Run 1 2 3 4 5
Yield 90 90 89.5 89.5 89
668 G. Thirunarayanan, K.G. Sekarwell as magnetic environments. These Ha protons gave an AB
pattern and the Hb proton doublet of doublet in most cases
waswell separated from the signalsHc and the aromatic protons.
The assigned chemical shifts (ppm) of the synthesized 1N-acetyl
pyrazoline ring Ha, Hb and Hc protons are presented in Table 4.
In nuclear magnetic resonance spectra, the 1H or the 13C
chemical shifts (d) depend on the electronic environment of
the nuclei concerned. The assigned vinyl proton chemical shifts
(ppm) have been correlated with reactivity parameters using
Hammett equation in the form of
Logd ¼ Logd0 þ qr ð6Þ
where d0 is the chemical shift of unsubstitued ketones.
The assigned Ha, Hb and Hc proton chemical shifts (ppm)
of synthesized 1-(3-(3,4-dimethylphenyl)-5-(substituted phe-
nyl)-4,5-dihydro-1H-pyrazole-1-yl) ethanones have been
correlated with various Hammett sigma constants, F and R
parameters [27]. The results of statistical analysis [13,21,
19,23,2,6] are presented in Table 5. The Ha proton chemical
shifts (d, ppm) with Hammett r, r+ and rI constants gave sat-
isfactory correlations. All correlations gave positive q values
and it implies that a normal substituent effect operates in all
systems. The resonance effect and F parameter were failed inTable 3 The effect of solvents in conventional heating and without
(entry 14).
Solvents
MeOH EtOH DCM
FA SA FAPTS FA SA FAPTS FA SA
70 43 77 71 42 79 72 42
MeOH=methanol; EtOH= ethanol; DCM= dichloromethane; THF=
ash:PTS.
Table 4 The infrared and NMR spectral data of 1–3-(3,4-dime
ethanones(entries 14–24).
Entry X IR 1H NMR
C‚N C‚O Ha Hb
14 H 1584.22 1646.35 3.081 3.820
15 4-Br 1586.86 1645.29 3.247 3.715
16 2-Cl 1586.43 1644.19 3.021 3.912
17 4-Cl 1585.27 1648.24 3.102 3.825
18 4-F 1586.21 1646.21 3.111 3.814
19 4-OCH3 1580.70 1636.25 3.041 3.792
20 3-CH3 1581.09 1645.29 3.125 3.667
21 4-CH3 1582.36 1641.68 3.025 3.763
22 3-NO2 1590.25 1649.28 3.251 3.776
23 4-NO2 1592.58 1648.39 3.252 3.802
24 3,5-(OCH3)2 1582.06 1641.29 3.062 3.771correlation. The failure in correlation is associated with the
conjugative structure as shown in Fig. 3.
The correlation of Hb proton chemical shifts (d, ppm) with
Hammett substituent constants, F and R parameters is shown
in Table 5. The Hb proton chemical shifts (d, ppm) with
Hammett substituent constants, F and R parameters gave
poor correlation. All correlations gave positive q values. The
poor correlation is due to the absence or incapability of trans-
mittance of effects of substituent from the Hb proton chemical
shifts and it is associated with the resonance–conjugative
structure as shown in Fig. 3.
The results of statistical analysis of Hc proton chemical shifts
(d, ppm) with Hammett substituents constants, F and R param-
eters are presented inTable 5.TheHcproton chemical shiftswith
Hammett substituent constants, F and R parameters gave satis-
factory correlation excluding 3-CH3 substituent. All correla-
tions produce positive q values. This means that the normal
substituent effect operates in all systems.
The methyl proton singlet was assigned for the synthesized
1-(3-(3,4-dimethylphenyl)-5-(substituted phenyl)-4,5-dihy-
dro-1H-pyrazole-1-yl) ethanones and these chemical shifts
were correlated with Hammett substituent constants and
Swain–Lupton’s [27] parameters. The results of the statistical
analyses are shown in Table 5. The chemical shift of the methyl
proton singlet was satisfactory when correlated with Hammett
r, r+, rI constants, F and R parameters excluding H, 4-OCH3,
3-CH3 and 4-CH3 substituents. If these substituents were
included in the regression, they reduced the correlations
considerably. Hammett rR constant failed in correlation. This
is due to the reasons stated earlier and it is associated with the
resonance-conjugated structure as shown in Fig. 3.solvent in microwave irradiation on yield of 1-acetyl pyrazoline
THF Microwave irradiation
FAPTS FA SA FAPTS FA SA FAPTS
75 78 45 81 80 72 90
tetrahydrofuran; FA = ﬂy-ash; SA = sulfuric acid; FAPTS = ﬂy-
thylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-yl)
13C
Hc CH3 X C‚N C‚O CH3 X
5.515 2.331 – 159.65 168.37 24.95 –
5.512 2.289 – 159.24 173.63 25.36 –
5.732 2.314 – 158.65 172.84 25.63 –
5.521 2.280 – 158.11 169.65 24.60 –
5.521 2.293 – 158.24 167.25 23.98 –
5.462 2.271 3.694 158.01 168.06 23.08 57.25
5.025 2.068 2.424 158.09 169.28 23.12 24.68
5.442 2.029 2.235 158.14 170.21 23.06 24.34
5.982 2.354 – 159.01 174.25 2556 –
5.981 2.361 – 159.06 174.56 25.48 –
5.445 2.123 – 158.28 173.54 23.91 –
Table 5 Results of statistical analysis of infrared m(cm1) C‚N, C‚S, NMR chemical shifts (d,ppm) of Ha, Hb, Hc, C‚N, C‚S,
and CH3 of 1-(3-(3,4-dimethyl phenyl)-5-(substituted phenyl)-4,5-dihydro-
1H-pyrazole-1-yl) ethanones with Hammett r, r+, rI rR
constants and F and R parameters(entries 14–24).
Frequency Constants r I q s n Correlated derivatives
mC‚N r 0.907 1584.89 8.188 2.58 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.908 1585.92 5.641 2.39 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.905 1583.50 7.295 3.38 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2
rR 0.856 1587.09 10.186 3.30 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.905 0583.81 6.816 3.45 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2
R 0.905 1588.00 9.011 3.24 9 H, 4-Br, 2-Cl, 4-Cl, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
mC‚O r 0.907 1643.70 8.279 2.62 8 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3
r+ 0.907 1644.77 5.087 2.84 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.904 1643.03 6.080 3.64 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-CH3, 3-NO2, 4-NO2
rR 0.905 1646.59 10.806 3.26 9 H, 4-Br, 2-Cl, 4-Cl, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.904 1643.03 5.709 3.68 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 3-CH3, 4-CH3, 3-NO2, 4-NO2
R 0.906 1647.00 9.926 3.11 9 H, 4-Br, 2-Cl, 4-Cl, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
dHa r 0.907 3.090 0.207 0.06 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.906 3.118 0.109 0.07 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.905 3.059 0.192 0.08 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rR 0.855 3.161 0.259 0.09 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.875 3.059 0.181 0.08 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
R 0.868 3.163 0.198 0.08 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
dHb r 0.814 3.783 0.027 0.06 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.835 3.785 0.048 0.06 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.837 3.756 0.081 0.06 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rR 0.821 3.779 0.068 0.06 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.831 3.761 0.074 0.06 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
R 0.875 3.785 0.017 0.07 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
dHc r 0.908 5.459 0.634 0.17 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.918 5.540 0.438 0.15 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
rI 0.907 5.304 0.778 0.18 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
rR 0.904 5.646 0.565 0.26 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
F 0.906 5.319 0.605 0.21 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
R 0.904 5.673 0.542 0.25 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 4-CH3, 3-NO2, 4-NO2
dCH3 r 0.906 2.224 0.199 0.09 8 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-NO2, 4-NO2
r+ 0.946 2.492 0.142 0.09 9 H, 4-Br, 2-Cl, 4-Cl, 4-F, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.907 2.152 0.312 0.08 7 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-NO2, 4-NO2
rR 0.852 2.268 0.66 0.12 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.906 2.157 0.279 0.08 7 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-NO2, 4-NO2
R 0.819 2.276 0.093 0.11 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
dC‚N r 0.905 158.47 0.833 0.53 8 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.906 158.57 0.693 0.47 8 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.819 158.47 0.410 0.60 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rR 0.905 158.84 1.623 0.50 8 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.810 158.54 0.210 0.61 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
R 0.906 158.90 1.481 0.48 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
dC‚O r 0.908 169.73 6.274 1.73 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.905 168.91 5.523 1.42 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.906 171.97 8.522 2.21 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rR 0.904 169.34 4.036 2.66 9 H, 4-Br, 2-Cl, 4-Cl, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.906 172.23 7.523 2.15 9 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
R 0.917 173.17 7.017 1.67 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
dCH3 r 0.905 24.04 0.304 0.85 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r+ 0.907 24.19 1.343 0.63 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rI 0.905 23.68 1.474 0.85 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
rR 0.812 24.41 0.987 0.97 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
F 0.837 23.81 1.270 0.92 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
R 0.835 24.53 1.344 0.93 10 H, 4-Br, 2-Cl, 4-Cl, 4-F, 4-OCH3, 3-CH3, 4-CH3, 3-NO2, 4-NO2
r= correlation co-efﬁcient; q= slope; I = intercept; s = standard deviation; n= number of substituents.
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670 G. Thirunarayanan, K.G. SekarIn view of the inability of the Hammett r constants to pro-
duce satisfactory correlation individually for Ha–c and CH3
proton chemical shifts, the authors think that it is worthwhile
to seek multiple correlations involving either rI and rR con-
stants or Swain–Lupton’s [20] F and R parameters. The
correlation equations for Ha–c and CH3 proton chemical shifts
(d, ppm) are given in (7)–(14).
dHðppmÞa ¼ 3:097ð0:0355Þ þ 0:182ð0:075ÞrI
þ 0:246ð0:099ÞrR ð7Þ
ðR ¼ 0:980;P > 95%; n ¼ 10Þ
dHðppmÞa ¼ 3:096ð0:038Þ þ 0:188ð0:078ÞF
þ 0:275ð0:089ÞR ð8Þ
ðR ¼ 0:977;P > 95%; n ¼ 10Þ
dHðppmÞb ¼ 3:746ð0:038Þ þ 0:092ð0:080ÞrI
 0:074ð0:011ÞrR ð9Þ
ðR ¼ 0:944;P > 90%; n ¼ 10Þ
dHðppmÞb ¼ 3:758ð0:407Þ þ 0:074ð0:002ÞF
 0:014ð0:003ÞR ð10Þ
ðR ¼ 0:932;P > 90%; n ¼ 10Þ
dHðppmÞc ¼ 5:381ð0:090Þ þ 0:754ð0:191ÞrI
þ 0:511ð0:022ÞrR ð11Þ
ðR ¼ 0:986;P > 95%; n ¼ 10Þ
dHðppmÞc ¼ 5:422ð0:950Þ þ 0:705ð0:192ÞF
þ 0:581ð0:021ÞR ð12Þ
ðR ¼ 0:985;P > 95%; n ¼ 10Þ
dCHðppmÞ3 ¼ 2:158ð0:458Þ þ 0:102ð0:021ÞrI
þ 0:044ð0:031ÞrR ð13Þ
ðR ¼ 0:975;P > 95%; n ¼ 10Þ
dCHðppmÞ3 ¼ 2:175ð0:053Þ þ 0:283ð0:108ÞF
þ 0:105ð0:012ÞR ð14Þ
ðR ¼ 0:971;P > 95%; n ¼ 10Þ3.1.3. 13C NMR spectra
Chemists, physical organic chemists and spectral analysts
[13,21,19,23,2,6] have made extensive study of 13C NMR spec-
tra for a large number of ketones, styrenes, keto-epoxides and
pyrazolines. In their investigation, they assessed the linear cor-
relation of the chemical shifts (ppm) of vinyl, C‚N and car-
bonyl carbons with Hammett r constants, F and R
parameters. In the present study, the 13C chemical shifts (d,
ppm) of C‚N, C‚O and CH3 carbon of 1-(3-(3,4-dimethyl-
phenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-yl)ethanones have been assigned and are presented in Table 4.
Attempts have been made to correlate the above assigned
carbon chemical shifts (d, ppm) with Hammett substituent
constants, ﬁeld and resonance parameters with the help of
single and multi-regression analyses to study the reactivity
through the effect of substituents.
The chemical shifts (d, ppm) observed for the C‚N, C‚O
and CH3 have been correlated with Hammett substituent
constants and the results of statistical analysis are presented
in Table 5. The C‚N chemical shifts (d, ppm) have shown sat-
isfactory correlation with Hammett r, r+, rR constants and R
parameters excluding H, 4-Br substituents. The inductive and
ﬁeld components of the substituents were failed in correlation.
All correlations gave positive q values. The failure in the cor-
relation is due to incapability of transmittance of inductive and
ﬁeld effects of the substituents on the C‚N carbon chemical
shifts (d, ppm). The chemical shifts (d, ppm) observed for the
C‚O carbon of the 1-(3-(3,4-dimethylphenyl)-5-(substituted
phenyl)-4,5-dihydro-1H-pyrazole-1-yl) ethanones have been
correlated satisfactorily with Hammett substituent constants,
F and R parameters excluding H, 4-F substituents. All
correlations produced positive q values. This implies that the
normal substituent effect operates in all systems.
The assigned methyl carbon chemical shifts of the 1-(3-(3,4-
dimethylphenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyra-
zole-1-yl) ethanones have been correlated with Hammett
substituent constants, F and R parameters and the results of
statistical analyses are shown in Table 5. From the table, the
Hammett r, r+, rI constants gave satisfactory correlations.
The Hammett rR constant, F and R parameters were failed
in correlation. All correlations gave positive q values. This
means that the normal substituent effect operates in all
systems. The failure in the correlation was due to the reason
stated earlier and it is associated with the resonance–conjuga-
tive structure as shown in Fig. 3.
In view of the inability of some of the r constants to pro-
duce individually satisfactory correlation for C‚N, C‚O
and CH3 carbons, the authors think that, it is worthwhile to
seek multiple correlations involving either rI, rR or F and R
parameters [20]. The formulated correlation equations are
given in (15)–(20).
dC ¼ NðppmÞ ¼ 158:72ð0:300Þ þ 0:344ð0:631ÞrI
þ 1:599ð0:834ÞrR
ð15Þ
ðR ¼ 0:960;P > 95%; n ¼ 10Þ
dC ¼ NðppmÞ ¼ 158:80ð2:999Þ þ 2:626ð0:607ÞF
þ 1:493ð0:690ÞR ð16Þ
ðR ¼ 0:963;P > 95%; n ¼ 10Þ
dC ¼ OðppmÞ ¼ 170:15ð0:972Þ þ 5:194ð2:046ÞrI
þ 8:151ð2:706ÞrR
ð17Þ
ðR ¼ 0:983;P > 95%; n ¼ 10Þ
dC ¼ OðppmÞ ¼ 170:70ð1:088Þ þ 4:307ð2:206ÞF
þ 7:717ð2:504ÞR ð18Þ
ðR ¼ 0:980;P > 95%; n ¼ 10Þ
Solvent-free one-pot cyclization and acetylation of chalcones 671dCHðppmÞ3 ¼ 23:81ð0:510Þ þ 1:707ð1:003ÞrI
þ 0:889ð0:414ÞrR ð19Þ
ðR ¼ 0:954;P > 95%; n ¼ 10Þ
dCHðppmÞ3 ¼ 24:06ð0:534Þ þ 1:319ð1:083ÞF
þ 1:404ð1:230ÞR ð20Þ
ðR ¼ 0:952;P > 95%; n ¼ 10Þ4. Conclusion
A series of 1N-acetyl pyrazolines including 1-(3-(3,4-dimethyl-
phenyl)-5-(substituted phenyl)-4,5-dihydro-1H-pyrazole-1-yl)
ethanones have been synthesized by microwave assisted ﬂy-
ash:PTS catalyzed solvent free one-pot cyclization and acetyla-
tion of chalcones with hydrazine hydrate and acetic anhydride.
The yield of the synthesized acetylated pyrazolines is more
than 85%. The correlation study of infrared m(cm1) of
C‚N, C‚S frequencies, 1H and 13C NMR chemical shifts
(d, ppm) of Ha–c, –CH3, C‚N, and C‚O, have shown satis-
factory correlation co-efﬁcient in both single and multi-regres-
sion analyses.
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